Scieritis can be a destructive disease frequently associated with autoimmune disorders. It is believed that primary vasculitis plays an important role in its pathogenesis, but little is known about the cellular effector mechanisms. The purpose of this study was to analyse the inflammatory cellular infiltrate in scleritis. Six episcleral biopsies and two enucleated eyes were studied. The episcleral biopsies were taken from patients with nodular scleritis. In one patient enucleation was done after perforation in anterior necrotising scleritis and, in the other after misdiagnosis of posterior scleritis as intraocular tumour. Morphological criteria and immunohistochemical methods were used to characterise the inflammatory cellular infiltrate. The inflammatory cells infiltrating the episcleral tissue were mainly T lymphocytes and macrophages. There was a predominance of CD4 positive cells, but only few lymphocytes were activated (expressed IL-2 receptor). The cells infiltrating the scleral fibres in the enucleated eyes consisted in both cases predominantly of T cells. Clusters of B cells were found in perivascular areas. In circumscribed areas neutrophils, macrophages, and plasma cells were part ofthe scleral infiltrate. Signs of a granulomatous process with activated macrophages (epitheloid and giant cells) were present in necrotising scleritis. Expression of major histocompatibility class II molecules (MHC II) was found on lymphocytes and rarely on macrophages. Signs of primary vasculitis were not found in any of the specimens. The cellular infiltrate in scleritis shows, at least at certain stages, features compatible with a T cell mediated (autoimmune) disorder, which may have major therapeutic implications.
Scleritis can be a destructive disease, leading to the loss of the affected eye from severe pain, secondary destruction of uveal and retinal tissue, or even perforation of the globe. It can be classified clinically as anterior or posterior, and anterior scleritis subdivided as diffuse, nodular, or necrotising type of disease. ' Scleritis is occasionally caused directly by an infective agent, but the vast majority occur de novo without any obvious inciting agent (endogenous). Non-infectious scleritis is frequently associated with autoimmune disorders. 2 Closure ofepiscleral and scleral vessels is seen clinically in necrotising scleritis, and abnormal vascular filling patterns were shown by fluorescein angiography in different forms of anterior scleritis. 3 It is therefore likely that vascular or perivascular disease plays a role in the pathogenesis of scleral inflammation. Based on immunohistochemical findings45 there is a hypothesis that endogenous scleritis represents a local primary vasculitis initiated by circulating immune complexes (type III reaction of hypersensitivity).
The purpose of this study was to elucidate immune mechanisms in non-infectious scleritis by analysing the composition of the inflammatory cellular infiltrate in episcleral and/or scleral tissue. With an increased understanding of the mechanisms causing scleral disease, it will be possible to develop the rationale for the use of more specific immunosuppressive agents.
Patients and methods

PATIENTS
Six episcleral biopsies were studied in comparison with normal episclera, taken from 12 patients undergoing cataract surgery; furthermore, two enucleated eyes were examined.
Cases 1-6
The episcleral biopsies were taken after written consent from six patients (one man and five women) with nodular scleritis. They ranged in age from 41 to 61 years (mean 50 years). All patients underwent a clinical and immunological evaluation, revealing no underlying disease in five patients and rheumatoid arthritis in one patient. All the patients had active disease, three patients were untreated, two were on non-steroid anti-inflammatory agents (flurbiprofen) and the patient suffering from rheumatoid arthritis was taking 10 (CASES 1-6) The density of the cellular infiltrate varied greatly among the specimens. Significant changes in the distribution ofcells infiltrating the deep conjunctival lamina propria were found in the number of macrophages (CD68) (Fig 1) 
Histological observations
The episcleral tissue and the anterior sclera adjacent to the lesion showed increased thickness and an intense inflammatory reaction. Granulomatous inflammation (Fig 2) The cellular infiltrate in the posterior episclera and sclera consisted mainly of T lymphocytes QA (CD3) and fibroblasts, to a lesser extent ofplasma s cells and macrophages (as identified with e MAC387). The predominant cells infiltrating the ; /^*,@: > scleral fibres were T lymphocytes (Fig 3) . Many t St !v of them were CD4 cells, as identified by the antibody OPD4 (Fig 4) . More prominent than in . tnecrotising scleritis (case 7) was the finding of perivascular accumulations of lymphocytes in s both the sclera and episclera. These accumulaIn the perivascular area there was also a marked sv *^expression of MHC class II molecules on ,4 * e0^( lymphocytes and occasionally on macrophages (Fig 5) . This study agrees with previous investigators4"'0 who found that the cellular infiltrate in scleritis consists largely of lymphocytes and to a lesser extent macrophages, plasma, and giant cells.8"' In addition to conventional histopathology, a phenotypical analysis of the lymphocytes, using monoclonal antibodies, was performed to allow conclusions on the role of these cells in scleral disease. An earlier immunopathological study in treated patients with necrotising scleritis' had shown increased numbers of T cells and macrophages in the sclera and immune complex mediated vasculitis in the large majority of specimens.
The abundance of lymphocytes was confirmed by our study, and immunohistochemical analysis revealed that more than 90% of them were T cells. T lymphocytes were the predominant cells in the episclera of nodular scleritis, and infiltrated the scleral fibres distal to the lesion in necrotising scleritis. They were also the predominant cells infiltrating the thickened sclera and episclera in posterior scleritis. Of the T cell subsets, CD4 positive cells were numerous in the episclera of nodular scleritis and posterior scleritis. The presence of MHC class II expressing cells indicates the potential to present local antigens to these infiltrating CD4 positive cells. Activated lymphocytes (expressing the interleukin 2 receptor) were only found in a small number in nodular scleritis. Owing to the tissue fixation in formalin the anti-IL-2R antibody was not used in the enucleated eyes.
Since scleritis is associated with altered vascular filling patterns,3 special attention was given to the vascular and perivascular findings. We were unable to identify fibrinoid necrosis and neutrophil invasion of the vessel wall as signs of primary vascultis in any of our specimens. As did other authors8' we found perivasculitis in some specimens. These perivascular infiltrates were most marked in posterior scleritis and consisted mainly of T and B cells. There was a marked perivascular expression of MHC class II molecules. It might, therefore, be that a perivascular delayed type hypersensitivity reaction plays a role in the pathogenesis of some forms of scleritis. That T cell dependent immune mechanisms are involved in scleritis is supported by the finding of granulomatous reactions in which activated macrophages (epithelioid and giant cells) play a major role. Further evidence for the involvement of T cell mediated mechanisms is provided by reports of successful treatment of active scleritis with cyclosporin A. [12] [13] [14] Although there is evidence of a T cell mediated (autoimmune) disorder at some stage of scleritis, our study does not allow conclusions on the initiating mechanisms of non-infectious scleritis. This is due to the fact that when biopsy specimens are investigated, the disease has already existed for some time, and it is likely that primary events are masked by secondary phenomena. The T cell response shown in this study, therefore, may represent only a perpetuation mechanism, similar to the T cell involvement in some forms of systemic vasculitis.'"" However, our findings and the greatly varying frequencies of leucocytoclastic vasculitis in previous studies on scleritis tissue (ranging from 0%X to 75%') group.bmj.com on June 22, 2017 -Published by http://bjo.bmj.com/ Downloaded from Cells perpetuating the inflammatory response in scleritis suggest that different pathomechanisms are involved in scieral inflammation. 8 Non-necrotising disease may represent a delayed type of hypersensitivity reaction, whereas some forms of necrotising disease are probably initiated by a primary vasculitis.
In summary, we have shown that the cellular infiltrate in non-infectious scleritis shows features of a T cell mediated (autoimmune) disorder. Despite the uncertainty as to whether the T cell response is restricted to the perpetuation of this inflammation or whether autoreactive T cells are involved in its initiation, our findings offer justification for involving T cell specific immunosuppressive agents, such as cyclosporin A or FK506, in the treatment of scleral inflammation.
This study was supported in part by the Swiss National Science Foundation, the Foundation Florian Verrey, the Swiss Foundation to Prevent Blindness, and by a locally organised research scheme from Moorfields Eye Hospital.
